Natural nocardial infection has been reported in many different species including mammals and fish, but reports in birds remain uncommon. Eight juvenile Black Crakes (Limnocorax flavirostra) died unexpectedly at the Basle Zoo. Necropsy revealed disseminated white, firm nodules, 1-3 mm in diameter, throughout the lung parenchyma. Histologically, the lungs contained multiple, often confluent granulomas with central necrosis. Delicate, gram-positive, 0.5-to 1.0-m-wide, branching, occasionally beaded, filamentous organisms were visible in necrotic centers. These organisms were acid fast when stained with Fite-Faraco. No histologic lesions were seen in other organs. Nocardia nova was isolated from liver, spleen, kidney, and lung. Granulomatous and necrotizing nocardial pneumonia with agonal septicemia was diagnosed, suggesting an aerogenous infection. To our knowledge, this is the first reported epizootic outbreak of nocardiosis in birds, which is additionally unusual because it was caused by N. nova.
Nocardia nova Causing Pulmonary Nocardiosis of Black Crakes (Limnocorax flavirostra)
Natural nocardial infection has been reported in many different mammalian species including monkeys and humans, as well as in fishes and birds. 14, 18 However, reports in birds remain uncommon. 3, 5, 9, 11, 15, 16 Avian nocardiosis caused by Nocardia asteroides has been reported in parrots, birds of prey, and passeriforms. 3, 7 Lesions were mainly localized in the lung and airsacs, 3, 9, 11, 14, 16 and only few reports describe lesions in other organs. 5, 14 To our knowledge, this is the first description of an epizootic outbreak of nocardiosis in birds.
From September 1996 to February 1997, eight juvenile Black Crakes (Limnocorax flavirostra) from a group of 12 individuals died unexpectedly at the Basle Zoo (Zoologischer Garten Basel, Binningerstrasse 40, 4011 Basle, Switzerland) and were submitted to the Institute of Animal Pathology, University of Berne, Switzerland. The birds had been housed in an aviary together with a pair of Red-billed Hornbills (Tockus erythrorhynchus). The exhibit consisted of an outdoor cage with a natural sand substrate, and an indoor area with a chopped bark substrate. The volume of the aviary was approximately 110 m 3 .
Necropsy revealed similar pathologic findings in all birds. Five of the submitted crakes were in poor body condition with generalized muscle atrophy and loss of body fat. Multiple white, firm, well-circumscribed nodules, 1-3 mm in diameter, were present throughout the lung parenchyma of all animals ( Fig. 1) . A severe splenomegaly was present; other organs were not affected. Histologically, the lungs showed severe congestion. Multiple, often confluent granulomas with central necrosis were present. These granulomas caused massive destruction of the lung architecture ( Fig. 2) . Necrotic centers were surrounded by a ring of macrophages, multinucleated giant cells, lymphocytes, and fewer heterophils. Delicate, gram-positive, 0.5-to 1.0-m-wide, branching, occasionally beaded, filamentous organisms were visible in necrotic centers ( Fig. 3 ). These organisms were acid fast when stained with Fite-Faraco, but not with the Ziehl-Neelsen acid-fast stain. The parabronchi were often filled with inflammatory cell infiltrates, sloughed epithelial cells and proteinaceous fluid. Additionally, aggregates of dust and other unstained dark particles were observed in macrophages close to the parabronchi. Under polarized light, much of the intracellular material was birefringent. The histology of the spleen revealed only severe congestion. No histologic lesions were present in the heart, liver, kidney, gastrointestinal tract, lymphoid system, and brain.
A microbiological examination was carried out. The native material was analyzed directly under the microscope with Gram's stain and Ziehl-Neelsen stain in a semiquantitative manner. Nocardia sp. appeared as gram-positive, beaded, branching filaments that were partially acid fast. In addition, the material was cultured on blood agar plates (containing 5% sheep blood) and incubated at 37 C under microaerophilic conditions for 48-72 hours. Nocardia nova was isolated from liver, spleen, kidney, and lung. It was distinguishable from N. asteroides through its acrylsulfatase activity and its susceptibility to cefamandol and erythromicin. Fecal samples were also collected at necropsy and from crakes in the aviary. No parasites were detected by flotation, sedimentation, and direct mount examination. Based on histologic and bacteriologic findings a severe granulomatous and necrotizing nocardial pneumonia with agonal septicemia was diagnosed.
The Nocardiae are bacteria belonging to the aerobic actinomycetes. They are catalase-positive, gram-positive, nonmotile, branching, filamentous bacteria that fragment into irregularly shaped rods and cocci. 12 The Nocardiae are considered an important part of the normal soil microflora worldwide. 14 However, numerous reports describe the recovery of pathogenic species from environmental sources such as riparian soil, freshly cultivated soil, dust, plant thorns, fresh water, and marine environments. 10 The species N. asteroides, N. brasiliensis, N. farcinica, N. otitiscaviarum, and N. transvalensis cause a variety of diseases in both normal and immunocompromised humans and animals. 2, 12, 13 The mechanisms of pathogenesis are complex, not yet fully understood, and include the capacity to evade or neutralize microbicidal activities of the host. The relative virulence of N. asteroides correlates with the ability to attach to, penetrate, and grow within host cells, by inhibiting phagosome-lysosome fusion in phagocytes, neutralizing phagosomal acidi- fication, and detoxifying the microbicidal products of oxidative metabolism. Cell-associated immunity constitutes the major mechanism for host resistance to nocardial infection, whereas B lymphocytes and humoral immunity do not appear to be as important. 4 The taxonomy of these microorganisms has been problematic. In recent revisions of their classification, new pathogenic species have been recognized. 12 N. nova is a new species and infections have been reported in lung, skin, maxillary sinus, and lymphoid nodules in humans. 1, 6, 15, 17 Although Nocardia spp. have been well known as potential veterinary pathogens affecting many different animal species, infections with N. nova are not yet reported. 10, 12 The incidence of nocardial infections in animal populations is not known. Relatively few attempts to determine the prevalence of nocardiosis have been made; however, several reports indicate that infections by these bacteria are not rare, but are frequently misdiagnosed. In the past, nocardial infections have often been confused with mycobacterial, actinomycetal, and streptomycetal infections in both animals and humans. The use of adequate staining, such as Fite-Faraco, together with the typical morphologic appearance of the Actinomycetes are appropriate diagnostic methods on histologic slides and may be the reason why more infections have been diagnosed in the last decade. Nocardial infections must be regarded as an important differential diagnosis of granulomatous lesions, especially considering their zoonotic potential in immunocompromised human patients. Clinical reports in animals indicate that the most frequently affected organ is the lung, suggesting an aerogenous spreading of the infection. Additionally, nocardial dermatitis and disseminated infections are well-known pathologic entities in domestic animals. 18 Mastitis in cows induced by Nocardia spp. can assume an important economical role in tropical countries. 8 In the case reported here the soil of the aviary can be considered as the source of infection. The group was composed of two adult birds and 10 young to subadult animals from several broods. The remaining birds did not show any signs of illness; the necropsied animals showed only lesions related to the no-cardial infection. The highly contaminated environment and factors inducing stress in the group probably contributed to this outbreak. In the absence of predisposing factors, such as concomitant diseases, we regarded overpopulation as the most important factor that may have induced this outbreak. This problem was naturally resolved by death of eight crakes. The aviary was cleaned, disinfected, and the chopped bark was changed, resolving the problem of pulmonary nocardiosis in Black Crakes.
